The gold-spot mullet, Liza parsia (Hamilton, 1822) is a common mullet species that constitutes year round thriving fishery in the shallow coastal waters, estuaries, mangrove swamps and brackishwater lakes along the coast of India. Nutrient and fatty acid composition were analysed in cultured and wild caught L. parsia of different size groups. Fish were cultured with formulated pelleted feed in brackishwater pond at Nagayalanka (15.945 0 N; 80.918 0 E), Andhra Pradesh, India. Wild samples of L. parsia were caught from the same region near Krishna River. The fishes were categorised into four size groups (<50 g, 50-100 g, 101-150 g and >150 g) from both sources. The moisture and ash content were higher (p<0.05) in wild fishes (75.85 and 1.39%) compared to cultured ones (72.96 and 1.29%). Cultured L. parsia had higher (p<0.05) crude lipid (2.12-8.73%) across all size groups compared to wild group which recorded crude lipid in the range of 0.67-3.10%. However, no significant change was observed for crude protein between wild and cultured fish. The quantities (mg 100 g -1 of fish muscle) of 18:2n-6 fatty acids were significantly (p<0.05) higher by 12 fold in farmed fish, whereas 20:4n-6 was higher (p<0.05) by two times in captive L. parsia. Significant (p<0.05) difference was observed in docosahexaenoic acid (DHA) content between the cultured and wild fish (108.60 and 89.90 mg 100 g -1 , respectively) but not in eicosapentaenoic acid (EPA) (110.59 and 115.03 mg 100 g -1 respectively). The consumption of 100 g L. parsia fish which was above 100 g size of both wild and farmed could meet per day (250 mg) dietary needs of EPA and DHA.
Introduction
Seafood is considered as a good source of high-quality nutrients like protein and fatty acids. Globally, fish makes up 17% of the animal protein intake and the increase in per capita consumption has increased to 19 kg from 10 kg in 1960 's (FAO, 2014 . With stable figures in wild harvest of fish for several decades, total seafood production is steadily increasing due to aquaculture with an estimated share of 42% of total global fish production in 2012 by weight (FAO, 2014) . Aquaculture is nowadays considered as leading contributor to production of quality food which can resolve the global burden related to human disease due to the lack of adequate quality food (FAO, 2014) . The potential health benefits related to consumption of fish and fish-derived products are attributed to the presence of eicosapentaenoic acid (EPA), docosahexaenoic acid (DHA), several other essential nutrients and growth factors, which play several key roles in human health (Conor, 2000) . These fatty acids in addition to reducing the risk of cardiovascular diseases/cancers, play significant role in several physiological functions in man (Berbert et al., 2005; Calo et al., 2005; Wolk et al., 2006) . The EPA, as a source of prostaglandin (PGI 3 ), prevents atherosclerosis and vascular constriction by keeping the vascular walls soft and flexible. Australian researchers identified DHA for preventing cardiac arrhythmia and for improvement of infant neural development (Ackman, 1996) . Fish lipids are practically the only source of EPA and DHA for human being. The U. S. Dietary Guidelines recommends consumption of about eight ounces per week of a variety of seafood, which provide an average consumption of 250 mg day -1 of EPA and DHA, for general population to reduce cardiac deaths among individuals with and without pre-existing cardiovascular diseases (USDHHS, 2015) .
Nutrient composition varies greatly from species to species, as well as, from individual to individual of the same species due to differences in size, seasons, locations, habitat, gender, age and source of collection i.e., wild or captivity (Krajnovic-Ozretic et al., 1994; Alasalvar et al., 2002; Grigorakis et al., 2002; Fuentes et al., 2010) . Wide variations were observed in the quantities of EPA (2.7-2041 mg 100 g -1 ) and DHA (9-277 mg 100 g -1 ) in both marine fish and shellfish (Aziz et al., 2013) . The crucial question arising today is whether the nutritional value particularly in terms of fatty acids of cultured and wild fish is equivalent or superior, which is an important determinant for acceptability of the farmed fish by consumers. The availability of reliable nutritional data base of wild and cultured fish species helps for nutritional labeling and also forms the base for dietary prescriptions by doctors and dieticians. In earlier studies, the fatty acid profiles of wild and farmed fishes were compared in gilthead seabream (Grigorakis et al., 2002) and seabass (Krajnovic-Ozretic et al., 1994; Alasalvar et al., 2002; Fuentes et al., 2010) . Nonetheless, majority of the earlier studies reported fatty acids as percentage of total fatty acids. But expressing fatty acid quantity in terms of mg per 100 g fish will be of better utility in nutritional labeling and dietary value calculations (Aziz et al., 2013) . Similarly, the effects of size and season on nutrient and mineral profiles were earlier reported in Anabas testudineus (Paul et al., 2015) .
Mullets have a very wide distribution in all the oceans, estuaries and brackishwaters of tropical and sub-tropical regions (Nash and Shehadeh, 1980; Ramirez et al., 2003) . Gold-spot mullet Liza parsia (Hamilton, 1822) is a common mullet which constitutes a year round thriving fishery in the shallow coastal waters, estuaries, mangrove swamps and brackishwater lakes in India. This is a euryhaline and eurythermal fish species and it is one of the most favourite, tasty and commercially important fish in South-east Asia, especially in India and many parts of central and South America. The above eurytopic characteristics, together with its foraging habits at the base of the food web, enable this species to be a popular species for aquaculture. Karakoltsidis et al. (1995) and Menezes et al. (2008) , reported lipid content of wild mullet Mugil sp. as 1-3% on wet weight basis. However, to date, there is no report on comparison of nutrient profiles of wild and cultured mullets. Hence in the present study, an attempt was made to quantify and compare the nutrient and fatty acid profiles of pellet fed cultured vs wild caught L. parsia of different size groups.
Materials and methods

Fish samples
For the analysis of nutrient and fatty acid composition, different size groups of cultured and wild L. parsia were sourced from brackishwater fish farm at Nagayalanka (15.945 0 N 80.918 0 E; Diviseema region) and brackishwater regions of Krishna River, respectively of Krishna District, Andhra Pradesh, India. In the farm, mullets were raised for eight months with pelleted feed having 33.4% crude protein and 5.7% ether extract (Dayal et al., 2017) . The fish feed was formulated and manufactured at the feed mill of ICAR-Central Institute of Brackishwater Aquaculture (ICAR-CIBA), Chennai, India. Fish feed in dry pellet form was processed and produced using Ring-Die pellet mill. Briefly, the coarse ingredients were powdered by two stage grinding by hammer mill followed by micropulveriser and passed through 0.5 mm screen. All the ingredients along with liquid components (fish oil and soy-lecithin) and binder were mixed in a horizontal ribbon mixer and thoroughly homogenised after adding 3 l of water per 100 kg. The mash was pelletised in the Ring-Die pellet mill at 15-16% moisture and temperature of 90 o C under steam conditioning. The pellets were conditioned, dried, packed and transported to the experimental site.
Salinity of the pond water was in the range of 12-22‰. Salinity of the brackishwater regions of Krishna River ranged between10 and 18‰ (MarchOctober 2014) in the fish sample collection area. Fishes were collected from the farm and wild sources at regular intervals until harvest in such a way to have four size groups (<50 g, 50-100 g, 101-150 g and >150 g). The fishes were dressed and skin was removed. Boneless muscle tissue, collected from both upper dorsal and lower ventral areas of the fish alone were used for analyses. The muscle samples from each group (5-8 fishes) were pooled together, with three replications for each size group for wild and cultured groups and stored at -20 0 C until analysis.
Laboratory analysis
The nutrients composition of fish feed and the fish tissue samples were determined following standard methods of AOAC (1997). Lipid was extracted by the method of Folch et al. (1957) using chloroform and methanol (2:1) and respective fatty acid methyl esters (FAME) were prepared according to Metcalf et al. (1966) . Briefly, the extracted lipids were trans-esterified with BFɜ-methanol and 0.5N methanolic sodium hydroxide and finally, FAMEs were extracted into petroleum ether (2.0 ml). Routine analysis of methyl esters was performed by a gas chromatograph (GC-2014 Shimadzu) on a RT x wax capillary column (100 m length x 0.25 mm I.D x 0.2 µm film thickness). Nitrogen was used as carrier gas at a linear velocity of 20.9 cm s -1 with 3 ml min -¹ of purge flow. The oven temperature was held at 100ºC for 4 min and increased to 225ºC at 3ºC min -¹ and held for 5 min followed by temperature increase of 1ºC min -¹ to 240ºC and held for 10 min. Operating temperatures for injection ports and flame ionisation detector were 225 and 250ºC respectively. Compounds were identified by comparison with retention times of 37 component FAME mix (Supelco-Sigma, USA). The quality of analysis was checked with a blank and a control i.e., menhaden oil. Tridecanoic acid methyl ester (C13:0, Supelco-Sigma, USA) was used as an internal standard to calculate fatty acid content in sample (mg 100 g -1 ) as described by Aziz et al. (2013) by calculating the empirical response factor of flame ionization detector.
Fatty acid (mg 100 g -1 ) = AX x WIS x Ri x 1000/ AIS / WX / 1.04
where, AX= Peak area of fatty acid, AIS= Peak area of internal standard, WIS= Weight of internal standard (mg), WX= Sample weight (g), Ri= Empirical factor and 1.04= Factor to convert FAME to fatty acid.
Empirical factor = Psi x WISm /PsIS / Wi where, Psi=Peak area of individual fatty acid in a mixed FAME standard solution, PsIS=Peak area of fatty acid internal standard in mixed FAME standard solution, WISm=Weight of fatty acid internal standard in mixed FAME standard solution and Wi= Weight of individual FAME in mixed FAME standard solution.
Statistical analysis
The experimental data with two factors viz., source of fish collection (wild and cultured) and size groups (four size groups) with four levels in each factor were analysed using 2x4 factorial design. The descriptive statistical measures (mean±standard error) were calculated for two main factors and their interactions. All data analyses were done using SPSS version 17.0. The post-hoc analysis was done using least significant difference. Comparison of means was carried out at 5% significance level (p<0.05).
Results and discussion
The nutrient and fatty acid composition of the feed used for culture of goldspot mullet is presented in Table 1 . The feed contained 33.4; 5.7; 3.8; 11.87 and 37% crude protein, crude fat (ether extract), crude fibre, total ash and nitrogen free extract respectively. The predominant fatty acids in feed includes palmitic (C16:0), linoleic (C18:2n-6), oleic (C18:1n-9), stearic (C18:0) followed by palmitoleic (C16:1n-7) and eicosapentaenoic acids (C20:5n-3). Prior to feed formulation, the fatty acid profiles of the individual feed ingredients were analysed. The proportion of different fatty acids was clearly reflected in the experimental feed which indicates no negative impact on fatty acid composition due to feed processing.
The results of nutrient analysis of different size groups of cultured and wild L. parsia are shown in Table 2 . Moisture content was higher (p<0.05) in wild fishes compared to cultured and an inverse relationship was observed with the total lipid content. Cultured L. parsia had higher (p<0.05) crude lipid values across all size groups. The effect of size was conspicuous in lipid values and the lipid values increased proportionately with size of the fish (p<0.05) in both wild and cultured fishes. The result is in agreement with our earlier study (Dayal et al., 2017) where the whole body (except head and tail) composition of both cultured and wild collected L. parsia and M. cephalus were compared. The interactions of source of fish and sizes were also significantly different (p<0.05). The lipid content of wild L. parsia was similar to the level found in other mullet species i.e., Mugil sp. (Karakoltsidis et al., 1995; Menezes et al., 2008) . Based on their estimates, Marais and Erasmus (1977) rated mugilids as 'fatty fish' which is also appropriate for farmed L. parsia in the present study. Higher lipid content in farmed L. parsia could mainly be attributed to the type of food consumed by the fish. Compared to the natural feeds such as algae and detritus consumed by wild fishes, formulated pellets offered to the farmed fishes were nutrient dense. Grigorakis et al. (2002) observed a similar situation of fat accumulation in farmed fish and they attributed this to energy consumption in the form of dietary carbohydrates and reduced activity (Alasalvar et al., 2002) compared to wild fish which were also prone to periods of starvation (Haard, 1992) . These results also corroborate the findings of other workers who compared captive and farmed fishes (George and Bophal 1995; Grigorakis et al., 2002; Zhao et al., 2010) .
A direct positive relationship in total lipid and size of the fish irrespective of the source and feeding history of the fish indicates that this intrinsic physiological property may be related to the reproductive physiology of this fish (Rheman et al., 2002) . Similar observations have been reported in seabass and gilthead seabream (Poli et al., 2001; Grigorakis and Alexis, 2005) . Morshita et al. (1989) reported increase in fish muscle lipid values in cultured seabream with increase in size of fish. However, Giogios et al. (2013) in farmed Argyrosomus regius known for very low fillet lipid content, reported that bigger sized fish (1600 g) contained lower total lipid than smaller ones (830 g) and authors attributed this to a different lipid metabolism (Grigorakis et al., 2011) of the fish and the feed offered to the fish while farming. The crude protein values were lower in farmed fish in the present study and this finding is in agreement with the earlier reports in channel catfish (Nettleton and Exler, 1992) .
The saturated (SFA), monounsaturated (MUFA) and polyunsaturated fatty acid (PUFA) profiles of L. parsia from different systems and size groups are shown in Table 3 , 4 and 5, respectively. The major fatty acids identified in both wild and farmed fish were C16:0 (palmitic), C18:0 (stearic), C18:1n-9 (oleic), C18:2 n-6 (linoleic), C20:5n-3 (eicosapentaenoic acid, EPA) and C22:6n-3 (docosahexaenoic acid, DHA). Cultured L. parsia contained significantly (p<0.05) higher levels of almost all the fatty acids except C18:3n-3 (linolenic) and C20:4n-6 (arachidonic). The C16:0 was predominant of all the other fatty acids in both cultured and wild L. parsia. The levels of C16:0 and C18:0 in cultured fish were higher (p<0.05) by four and two folds respectively than in wild L. parsia. Among the MUFA, the contents of C18:1 and C16:1 were predominant and these levels were also higher in cultured fish. Fatty acids like C18:2n-6 (LA), C20:5n-3 (EPA), C22: 6n-3 (DHA) and C20: 4n-6 (AA) were predominant among the PUFA. The levels of LA were significantly (p<0.05) higher by more than 12 times in farmed fish. This multifold level of C16:0, C18:0 and C18:2n-6 fatty acids in cultured L. parsia may be attributed to the dominance of these fatty acids in the feed (Table 1) . Similar dietary influence on fatty acid profiles of several farmed fishes have been reported (KrajnovicOzretic et al., 1994; Grigorakis et al., 2002; Fuentes et al., 2010) . Very high accumulation (12 times) of C18:2n-6 in the cultured fish could be due to the reduced capacity for chain elongation and desaturation (KrajnovicOzretic et al., 1994; Morshita et al., 1989) . L. parsia, on the other hand, had higher amounts (nearly double) of C20:4n-6, which is in agreement with the findings of Alasalvar et al. (2002) and Grigorakis et al. (2002) .
Among the n-3 PUFA, EPA and DHA were the predominant fatty acids in both wild and farmed L. parsia. The contents of EPA (p>0.05) and DHA (p<0.05) were higher in cultured L. parsia. Similar to our results, higher contents of EPA and DHA (g 100 g -1 ) were also observed in cultured halibut fish compared to their wild samples (Olsson et al., 2003) . Wide variations were reported in the quantities of EPA and DHA in seafood, 2.7 -2041 and 9 -277 mg 100 g -1 , respectively (Aziz et al., 2013) . In the present study, the total EPA and DHA was also higher in farmed fish i.e., 253 and 411 mg 100 g -1 in 101-150 size group and >150 g size compared to 222 and 339 mg 100 g -1 in wild caught mullets of similar size groups, respectively (Fig. 1) . The highest concentration of EPA and DHA (1804 mg 100 g -1 ) was observed in farmed trout (Usydus et al., 2011) , which were fed mainly on diets containing a higher level of fishmeal and fish oil. Huynh and Kitts (2009) reported that Pacific herring (Clupea harengus pallasi) contained EPA and DHA at a much higher level of 1680 mg 100 g -1 tissue, attributing this to their planktonic filter feeding behaviour, as marine phytoplankton are the source of these long chain fatty acids. Significantly (p<0.05) higher ratio of DHA/EPA was observed in cultured fish compared to wild fish. A similarly high DHA/EPA ratio was also observed in farmed halibut fish compared to their wild samples (Olsson et al., 2003) , farmed sutchi cat fish and tilapia (Usydus et al., 2011) . A higher ratio of DHA/EPA is a quality indicator of seafood. Whelen (2009) reported that DHA/EPA ratio has an advantageous impact on human health.
The contents of all the fatty acids increased (p<0.05) in proportion to the size in both wild and farmed fish but the rate of increase was not uniform for all the fatty acids. The proportion of increase of SFA like C14:0 and C16:0 was higher between 101-150 g size in cultured fish, whereas a higher increase was observed at >150 g size in wild fish. Similar variations in fatty acids in relation to increasing fish size were reported in gilthead sea bream (Benedito-Palos et al., 2011) . The concentration of n-6 fatty acids especially C18:2n-6 increased proportionately with size in both wild and cultured L. parsia. Similarly, a higher content of 18:2n-6 and 20:4n-6 and total n-6 were also reported in larger meager fish A. regius (Giogios et al., 2013) . Kiessling and Kiessling (1993) suggested that the differences in the fatty acid profiles with respect to size could be due to the selective aerobic phosphorylation of fatty acids in the mitochondria of muscle tissue and the same was agreed by Froyland et al. (1998) . The selective mobilisation of fatty acids to the reproductive organs in larger fish would also be a reason for the same (Perez et al., 2007) .
The results obtained in the present study indicate that the recommended dose (250 mg day -1 ) of EPA and DHA (USDA & USDHHS, 2010) could be obtained by consuming about 60, 98, 217 and 259 g of cultured and 74, 112, 145 and 286 g of captive L. parsia of >150 g, 101-150 g, 50-100 and <50 g size groups, respectively. The n-3/n-6 ratio of both wild and cultured L. parsia across all size groups were within the recommended level of 0.2 or above. However, the proportionate decrease of n-3 PUFA in farmed fish can be addressed by proper choice of dietary lipid sources that would allow the fatty acid composition of cultured L. parsia to be tailored to address the beneficial health aspects and consumer demands by keeping the cost effectiveness of feed formulations.
